amines and 6-substituted-N-(4,5-dihydro-1H-imidazol-2-yl)-1,3-benzothiazol-2-amines by the reaction of substituted 2-aminobenzothiazoles with carbon disulphide and methyl iodide followed by the reaction with o-phenylene diamine/ethylene diamine are reported. All the synthesized compounds were characterized by elemental analysis, IR spectra and 1 H NMR spectral studies. The potent antibacterial and entomological (antifeedant, acaricidal, contact toxicity and stomach toxicity) activities of the synthesized compounds were investigated.
Introduction
Benzothiazole derivatives have been studied extensively and found to have diverse chemical reactivity and broad spectrum of biological activity such as antitumor agents, [1] [2] [3] antimicrobial, [4] [5] [6] analgesics, 7 anti-inflammatory, [7] [8] [9] anti HIV, 10 antileishmanial, 11 etc. Further a wide range of therapeutic activities of benzimidazole show that they are also anticancer, 12 antihypertension, 13 antioxidant, 14 antiviral, 15 proton pump blocker, 16 antinociceptive, 17 anti-inflammatory, 17, 18 analgesic, 18 antiparasites, 19 human cytomegalovirus (HCMV) replication inhibitor, 20 fungicidal, 21 antihistamines, 22, 23 etc. Similarly Imidazoline derivatives also possess an array of biological activities. They are useful as anticancer, 24, 25 anti-inflammatory, 25 Anthelmintic, 26 antimicrobial, 27 hypnotic agents, 28 antiviral, 29 anticoagulant, 30 etc. These reports prompted us for synthesis of some new benzothiazole derivatives containing benzimidazole and imidazoline moiety. Substituted 2-aminobenzothiazole (1) was prepared by thiocyanogenation of substituted anilines by the method reported earlier. 31, 32 These were reacted with carbon disulphide and methyl iodide in presence of con. NaOH aqueous solution leading to the formation of dimethyl (substituted-1,3-benzothiazol-2-yl) dithioimidocarbonate derivative (2) which was treatment with bisnucleophiles viz. o-phenylene diamine and ethylene diamine gave N-(1H-benzimidazol-2-yl)-6-substituted-1,3-benzothiazol-2-amine (3) and 6-substituted-N-(4,5-dihydro-1H-imidazol-2-yl)-1,3-benzothiazol-2-amine (4) (Scheme 1). The synthesized compounds were characterized by their elemental analysis, IR and 1 H NMR spectral studies. Antibacterial and entomological studies have been screened to observe their various biological activities.
Experimental
Reagent grade chemicals were used without further purification. Melting points were taken in open capillary tubes are uncorrected. The purity of the synthesized compounds was checked by Thin Layer Chromatographic studies. IR spectra were scanned on FT IR Perkins Elmer (Spectrum RX1) spectrophotometer (cm -1 ) using a KBr disc. 1 H NMR spectra was recorded in tetramethylsilane (TMS) as the internal standard at 300 MHz on a Bruker DRTX-300 spectrophotometer.
General Procedure for the Synthesis of 4/6-Substituted Benzimidazole.
Synthesis of Substituted-2-aminobenzothiazole Derivatives (1): Substituted-2-aminobenzothiazoles (1) were prepared as reported earlier. 31, 32 Synthesis of Dimethyl(substituted-1,3-benzothiazol-2-yl)dithioimidocarbonate Derivatives (2): To a well stirred ice cold solution of (1) (0.025 mole) in dimethylformamide (10 mL), were added 10 M NaOH aqueous solution (4 mL), carbon disulphide (0.05 mole) and methyl iodide (0.025 mole) in sequence at an interval of 30 min. and stirring was continued for 3 hrs. The mixture was then poured in ice cold water and the Dimethyl ( Antibacterial Activity. All the synthesized compounds were tested against gram positive bacteria Staphylococcus aureus and Micrococcus luteus and gram negative bacteria Escherichia coli, and Klebsiella species using paper disc method. 33 Muller Hinton Agar (Hi-Media Pvt. Ltd. Mumbai, India) was used to culture the test bacteria. The microbial culture were grown at 37 o C for 8 hours and then appropriately diluted with sterile 0.8% saline solution. The concentration of test drugs was kept 100 µg/mL in DMF. Standard drugs Novobiocin, Kanamycin and Amikacin were used for comparison. The antimicrobial activity was evaluated by measuring the zones of growth inhibi- tion around disc of test organism and results are given in Table 2 . Antifeedant Activity. The antifeedant activity of these compounds was also carried out by leaf dip method, 34, 35 using fourth instar larvae of Spodoptera litura. The leaf discs of about 25 cm 2 were prepared and dipped for thirty seconds in various test compounds. The leaf discs were air dried to evaporate the excess acetone and then offered for feeding. The insects were allowed to feed for 24 hrs. After 24 hrs. leaf area uneaten was measured by using leaf area meter. The difference between leaf area provided and the leaf area uneaten is taken as amount of leaf area consumed. The feeding inhibition was calculated and used for calculation of effective concentration (EC 50 /LD 50 ) using Maximum likelihood programmer MLP 3.01. The results of antifeedant activity are summarized in Table 3 .
Acaricidal Activity. The acaricidal activity of these compounds was carried out by leaf dip method. 34, 35 Leaf discs of Mulberry (5 cm 2 diameter) were dipped in different compounds for 30 seconds. The leaf discs were air dried to remove the excess of acetone and placed over wet cotton in Petri plate. The adult female mites were released on treated leaf discs and mortality data were recorded after 24 hours. Mites released on leaf treated only with acetone and tween 20 emulsifier served as control. The mortality data was used for calculation of LC 50 /LD 50 using Maximum Likelihood Programmer MLP 3.01. The results of acaricidal activity are summarized in Table 4 .
Contact Toxicity. The contact toxicity of these compounds was carried out by topical application method 36, 37 against larvae of Spodoptera litura, which are harmful for Indian crops. First the given compounds were dissolved in acetone and then each compound was applied on the dorsal surface of the larvae. About 10 μL of each concentration was applied on each larva. Some of the larvae of insect treated by acetone alone, worked as control. Now the mortality data was recorded after 24 hrs, and the treated mortality was corrected with control morality. These corrected mortality data was used for calculation of LC50/ LD 50 using Maximum Likelihood programmer MLP 3.01. The results of Contact Toxicity are summarized in Table 5 .
Stomach Toxicity. The stomach toxicity of these compounds was carried out by leaf dip method. 34, 35 In this method we used fourth instar larvae of Spodoptera litura of an insect which are responsible for the damage of Indian agricultural crops. Ten larvae were used for each replication and three replications were maintained for each compound. The given compounds were dissolved in acetone. The leaf disc were prepared out of caster leaf and dipped in various test compounds for thirty seconds. The leaf discs were air dried to evaporate the excess acetone. (The leaf discs dipped only in acetone were served as control). The mortality data was recorded after 24 hrs, and the treatment mortality were corrected with control mortality. These mortality data was used for calculation of LC50/LD50 using maximum likelihood program, MLP 3.01. The results of Stomach Toxicity are summarized in Table 6 .
Results and Discussion
Dimethyl (substituted-1,3-benzothiazol-2-yl)dithioimido-carbonates (2) have been synthesized by the reaction of substituted-2-aminobenzothiazoles (1) with carbon disulphide, sodium hydroxide and methyl iodide in ice cold solution with DMF as solvent. Further N-(1H-benzimidazol-2-yl)-substituted-1,3-benzothiazol-2-amines (3) and substituted-N-(4,5-dihydro-1H-imidazol-2-yl)-1,3-benzothiazol-2-amines (4) were synthesized by the reaction of compound 2 with o-phenylene diamine and ethylene diamine respectively. The structures of all the synthesized compounds were established on the basis of spectroscopic and analytical data. The elemental analysis (C, N and H) found for all the condensed products were in close agreement with the calculated values, the infrared (IR) spectrum of compounds 3 and 4 display two characteristic bands at 3350 -3250 and 2910 -2860 cm -1 due to N-H and CH 2 vibrations, respectively. Antibacterial Activity. The antibacterial activity of all the synthesized compounds were tested in-vitro against pathogenic Escherichia coli, Klebsiella species, Micrococcus luteus and Staphylococcus aureus at 200 µg/mL and 100 µg/mL, and the results were compared with some standard drugs like Novobiocin, Kanamycin and Amikacin. In case of E. coli Compounds 3A, 3B, 4A and 4B exhibited higher activity at 200 µg/mL while the rest of compounds showed moderate activity. In case of Klebsiella spp. compounds 3B and 4B showed higher activity than the rest of compounds. In case of Micrococcus lutius and S. aureus compounds 3A, 4A, 4B and 3B show higher efficacy than rest of compounds. The presence of halogen groups, in 3A, 3B, 4A and 4B play an important role in activity. Sometimes these compounds when present in low concentrations may cause bacteriostatic conditions which slow down the growth of bacteria (Table 2) .
Antifeedant Activity. The Antifeedant activity of the newly synthesized compounds was tested by leaf dip method 34, 35 against larvae of Spodoptera litura. The results clearly indicate that the compounds show higher, moderate and less antifeedant activity against the larvae of the insect. Compounds 3A, 3D, 3E and 4A showed higher activity, compounds 3C, 4B and 4D showed moderate activitie. It may be found that these compounds may cause a spasm condition in insects by interacting with the active site of the enzyme responsible for nervous breakdown in insects (Table 3) .
Acaricidal Activity. The Acaricidal activity of these compounds was performed by the same method, as in the case of Antifeedant activity, against Tetranychus urticae, a species of mite using acetone as a standard. The results obtained clearly show that compound 3C, 3E, 4C and 4D showed the highest acaricidal activity with respect to other compounds. It is reported that the compounds which are easily soluble in polar solvent have higher activity against microbes and insect, pests or mites. 41 Rest compounds showed moderate acaricidal activity against the mites (Table 4) .
Contact Toxicity. The contact toxicity of these compounds was carried out by topical application method 36, 37 against larvae of Spodoptera litura. The results clearly indicate that the compounds show moderate and lower contact toxicity against the larvae of the insect. Compounds 3B, 3D, 3E, 4A, 4D and 4C showed moderate activity and the rest of the compounds showed lower to moderate activity against the mites (Table 5) .
Stomach Toxicity. The stomach toxicity of these compounds was carried out by leaf dip method. 34, 35 In this method we used fourth instar larvae of Spodoptera litura. The results clearly indicate that the compounds show moderate and lower stomach toxicity against the larvae of the insect. Compounds 3B, 3E, 4A and 4B showed moderate activity and the rest of the compounds showed lower to moderate activity against the mites (Table 6 ).
Conclusions
All the newly synthesized compounds were screened for antibacterial activity at a concentration of 200 µg/mL and 100 µg/mL using DMF as a control. Novobiocin, Kanamycin and Amikacin were used as standard against gram positive and gram negative bacteria. The data in the Table 2 indicates that among the synthesized compounds 3A, 3B, 4A and 4B posses a broad spectrum activity. However, the activities of the tested compounds are much less than those of standard antibacterial agents used. Antifeedant activity, contact toxicity and stomach toxicity against Spodoptera litura and acaricidal activity against Tetranychus urticae were moderate for test compounds. From the results, it is clear that these compounds would be of better use in drug development to combat bacterial infections and as pesticides in future.
